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ABSTRACT

A study was conducted to compare the noncatalytic
altitude ignition characteristics of the NQOA/MMH

and 98 percent H202/MMH propellant combinations.

All tests were conducted with a 9l-pound-thrust,
150-psia chamber pressure combustor with a 16-element
(unlike doublet) splash plate design injector. The
simulated altitude was 150,000 feet; nominal tempera-

tures were 100 F,

The two firings with the H202/MMH propellants resulted
in injector-damaging pressure spikes in the 3500-psi
range. These were considerably in excess of the
average ignition spikes of 325 psi noted during the
114 N,0, /MMH tests.

The effects of valve timing and ignition delay on

spiking for the N2OA/MMH combination were noted and
discussed. For this propellant combination, uncor-
rected c* efficiencies of approximately 94 percent

were found,

. v/vi



"m‘l ROCKETIDYMNE b A DIVISION OF NORTH AMERICAN AVIATION. INC

CONTENTS
Foreword . . . . . . . e e e e e e e e e iii
Acknowledgments . . . . . e e e e e e e e iii
Abstract . . . . . . . . . .. . . e v
Summary e e s e e e e e e e e . e . . 1
Introduction e e e e e e o e . 3
Experimental Apparatus and Procedure .. .. . . 5
Experimental Hardware . 5
Data Recording . . . 7
Experimental Facilities e e e . 8
Experimental Procedure e e e e e . . 10
Data Reduction Procedures e e e e e e e e e . 13
Propellant Compositioms . . . . . . . . . . . . . 14
Results and Discussion . . . . . . .+ .« .« . . . . . 15
N2O4 Evaluation . . . . . .. . 15
}IQOQ/MMH Evaluation e e e e e e e e e e 18
Concluding Remarks e e e e e e e e e e e e e 21
References T 23

V}; /Viii



o

10,

11.

13.

14.

15.

ROCKETIDYMNE L4 A DIVISION OF NORTH AMERICAN AVIATION,

ILLUSTRATIONS

Anti-Spike Engine (Water Cooled) e e e e e
Liquid-Cooled Combustion Chamber and Nozzle Assembly
Sixteen Element Unlike Doublet Injector Without Attached
Splash Plate

Main Propeilant Valves Used for Both N OA/MMH and HQOQ/MMH

2
Testing
Valve and Kistler Pressure Transducer Traces (Run 290) ..
Propellant Feed Systems and Test Stand e e e e e

Conditioning System, Vacuum System and Chamber, and Test
Stand e e e e e e e e e e e

Schematic Representation of the Propellant Feed Systems and
Test Engine Used for N204/Hydrazine—Type Fuel Tests ..
Schematic Representation of Propellant Feed Systems and Test
Engine Used for HQOQ/MMH Tests

Schematic Representation of the Temperature Conditioning
System Used for the Hydrogen Peroxide/MMH Tests

Graphical Determination of Propellant Lead-Lag Relationships
for N204/%nﬂ1 C e e e e e e e e e e e e
Variation of N204/MMH Spiking Characteristics With Oxidizer
Lead Conditions

Effect of Ignition Delay on the Spiking Ratio for Various
Oxidizer Lead Time Intervals . . . . . . . . .
Cumulative Distributions of Spiking Ratios for Various Oxidizer
Lead Time Intervals (Probability Scale) e e e e
Cumulative Distribution of Spiking Ratios for Oxidizer Lead

Times of +3%.2 to +5.7 Milliseconds (Probability Scale)

ix/x

INC.

33
3k

35

36

37

38

39

40

4]

L2

lfj

Ly

45

46

47




.'ﬂll ROCKETDYMNE b A DIVISION OF NORTH AMERICAN AVIATION. INC.

TABLES
1. Tabulation of Measured Parameters and Instrumentation . . . 25
2. Summary of N204/MMH Test Data e e e e e e e e e 26
3. Effect of Valve Timing on Average Spike Ratio e e e e 30
. Summary of Characteristic Velocity Performance for the NQOQ/MMH
Propellant Combination . . . . . . . e e 31
5. Summary of H202/MMH Test Data e e e e e e e e e 32

xi/xii



m ROCKETIDYNE - A DIVISION OF NORTH AMERICAN AVIATION. INC

SUMMARY

A brief program was conducted for the purpose of comparing the noncatalytic
altitude igntion and performance characteristics of the N204/MMH and the

98 percent H202/MMH propellant combinations. The test facilities and hard-
ware employed were similar to those used in the catalytic phase of the
program (Volume I). Only those system modifications dictated by peroxide

compatibility requirements were made.

All tests were conducted in a nominally 9l-pound-thrust, 150-psia chamber
pressure, combustor. The injector was 16 element (unlike doublet) splash~
plate design. The simulated preignition altitude was 150,000 feet, and

propellant and hardware temperatures were kept at 100 F.

For the 114 successful N204/MMH tests conducted, the average of the igni-
tion pressure spikes was 325 psi. .Only two of the tests had spike pres-
sures greater than 1000 psia. The approximate spiking pressures for these
tests were 2145 and 3645 psia. For the nominally employed mixture ratio

.. +1.6
of 2.0 an uncorrected c* efficiency of 94.1_1 3 percent was found.

The N204/MMH data were analyzed for the effect of valve timing on spiking
magnitude. A maximum in the average spiking level was found at an oxidizer
lead of approximately 5 milliseconds (lead in introduction of oxidizer to
chamber). For the NQOQ/MMH data, no correlation between spiking magnitudes
and the estimated variations in ignition delay was found. The variations
were estimated to be a maximum of *0.9 millisecond, No absolute measure-
ments of ignition delay were made. The average sums of the manifold fill
time and ignition delay were found to be 13.5 and 20.0 milliseconds for

fuel and oxidizer, respectively.

Two firings were conducted with the H202/MMH propellant combination. The

first resulted in two pressure spikes 13 milliseconds apart, and magnitudes
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of 3200 and 2300 psia, respectively. Both the injector and splash plate
were damaged. The injector was dished in the upstream direction, and the
splash plate was dished in the downstream direction. The second firing,
conducted with a new injector and splash plate, was characterized by a
single pressure spike of approximately 3%00 psia. Both the injector and
splash plate were damaged as in the previous test. During both tests the
O-ring seal between the injector and splash plate was unseated. The re-
sulting gas leakage and an unstable combustion condition precluded the

obtaining of meaningful c* data.

Ignition delays for the H202/MMH system were estimated to be 8 to 10 mil-
ligeconds greater than for the N204/MMH system. It was concluded that the
H202/MMH altitude ignition characteristics were considerably more gsevere
than the NQOA/MMH ignition characteristics. It was further concluded that
the H202/MMH ignition characteristics are of such severity as to preclude
its use in thrustors of the type employed, i.e., ones in which a splash

plate injection system is used.
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INTRODUCTION

As discussed in Volume I of this report ( Ref. 1), ignition of the hyper-
golichbﬂh/hydrazine—type—fuel propellant combinations under altitude condi-
tions usually is accompanied with a pressure spike. This spike is typically
coincident with initial chamber pressure rise and is characterized by rise
times in the submillisecond range. Because such ignition characteristics
are undesirable it was decided to investigate the ignitioncharacteristics

of another propellant combination, 98 percent H202/MMH. To effect a direct
comparison with the NQOQ/MMH propellants, a combination presently in use,

a test program was designed to test both combinations under identical

conditions.

A limited amount of bipropellant peroxide effort had been accomplished
previously (Ref. 2 ). Employing a flat-face injector of what was at that
time (1960) state—of-the-art design, a series of six 90 percent H202/N2Hli
firings were conducted. These resulted in hard starts and generally rough
combustion. For the six firings conducted, three resulted in burned in-
jectors, one in a cracked injector, and one in an oxidizer manifold explo-

sion. Another, in a throatless motor, was characterized by rough burning.

Subsequent H202/N2H2i work was carried out with an N204 slug start. These
resulted in nondestructive, relatively smooth ignitions. The resulting
combustion was characterized, however, by intermittent high-~frequency, low-
amplitude, chamber pressure oscillations. H202/UDMH and H202/JP—5 combin-
ations were also discussed in Ref. 2. Hypergolic slugs were employed with

these, and results similar to the H202/N2H4 work were obtained.

For the present work, the test facilities and hardware employed were similar
to those used during the catalytic phase of the program (Vblume I of this
report). Only system modifications dictated by peroxide compatibility
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requirements were made. A major modification required was with the main
valves. Slower response, higher void-volume Marotta valves were substituted
for the peroxide incompatible Rocketdyne valves. Because system ignition
characteristics are influenced by the valve characteristics and because a
direct comparison of the two propellant combinations was desired, it was

necessary to conduct another series of NQOA/MMH firings, in addition to

those discussed in Volume I.

As discussed in Volume I, different modes of ignition pressure spiking are
possible depending on pulse history. For the present work, it was of in-
terest to study spiking which occurred during operation in which the volumes
downstrecam of the valve poppets would completely empty between pulses.

Pulse train operation was investigated first. IHowever, complete manifold
emptying did not occur with the typical pulse trains used. Therefore,

the method of testing was changed to a single-pulse operation with off-
times between pulses of typically 3 to 5 minutes. Further, a hardware

and propellant temperature of 100 F was selected to enhance the chance

of manifold emptying.
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EXPERIMENTAL APPARATUS AND PROCEDURE

EXPERIMENTAL HARDWARFE

Thrust Chamber

A reaction control engine configuration, similar to that of the Apollo
Command Module RCS engine, was used for the program. A solid-wall, water-
cooled thrust chamber was used in place of the ablative Apollo RCS thrust

chamber, Key thrust chamber design parameters were:

Throat diameter, inches 0.710
Contraction ratio | 3.2
Contraction half angle, degrees 20
Characteristic length, inches 11.3
Nozzle expansion ratio 15

An assembly drawing and photograph of the chamber are presented in Fig., 1
and Fig, 2. The chamber was also used for the work reported in Volume I
of this report. The thrust chamber consisted of an integral copper
chamber and nozzle section drilled with internal cooling passages and
encased in a stainless-steel sheath. A pressure transducer port com-
patible with a water-cooled Kistler transducer was located in the chamber

wall just upstream of the start of nozzle convergence.

Temperature conditioning was accomplished by pumping the conditioning
water through the cooling passages. Prerun steady-state chamber tempera-
ture measurements were obtained from a thermocouple attached directly to

the outside of the copper chamber,
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Splash Plate Injector

A splash-plate injector configuration similar to that of the Apollo
Command Module RCS engine, was used for the experimental effort. The
stainless-steel injector assembly was in two pieces, an injector and a
splash plate., The injectors were obtained by machining the splash plate
from Apollo injectors, The face pattern was comprised of 16 unlike im-
pinging doublets equally spaced in a circle with the fuel and oxidizer
orifices placed on 0.48 and 0.36 inch radii, respectively. The integral
valves were removed from the injector and a mechanical fitting was in-
stalled for close-coupling the main valves., A photograph of the injector

is shown in Fig. 3,

The stainless-steel splash plates were identical to the Apollo splash
plate design with one exception. Instead of being integral with the
injector as in the Apollo design, the splash plate was a separate seg-

ment positioned in front of the injector.
Main Valves

The Apollo Command Module RCS engine main valves, utilized for the effort
reported in Volume I, could not be used in this effort because of incom-

patibility with the hydrogen peroxide. Internal components of the Apollo
valve were fabricated from 400 series stainless steel, a material not

chemically compatible with the peroxide.

The final selection of valves, Marotta Model MV43SA, was based chiefly

on availability. The Marotta valve (Fig. 4) is solenoid operated with
an appreciably longer coil saturation time than the Apollo valve (33

ms as compared to 8 ms). However, once saturated, the valve opening
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time is comparable (approximately 2.7 ms for the Marotta valve as compared
to approximately 1.3 ms for the Rocketdyne valve). The Marotta valve had
a larger internal volume and also could not be connected to the injector
with the same degree of close-coupling as the Apollo valve, so that over-
all manifold filling times were longer (13.5 ms and 20.0 ms for the fuel

and oxidizer respectively, as compared to ~9 ms and ~6 ms).

Valve Actuation Measurement. Main valve opening and closing was monitored

by measuring a voltage signal from an induction coil wrapped around the
Marotta valve solenoid coil. The induction coil picked up the magnetic
flux from the operating coil when it was energized, and also detected the
armature motion due to its effect on the magnetic field. Figure 5 shows
typical traces of the output of the monitoring coils. As the operating
coil was energized the voltage across the monitoring coil rose, then
began to decay because the energizing current was no longer changing.

The movement of the armature changed the magnetic field strength and in-
duced an additional voltage across the monitoring coil that appeared as
a peak in Fig. 5. A typical Kistler transducer output is also shown

in Fig. 5.

DATA RECORDING

Data was recorded as shown in Table 1 on either one or a combination of

the following recording instruments:

1. Hieland Model 712C, 60 channel oscillograph, 0 to 3 Khz response,
CEC type 1-127 AC amplifiers, Dana Model 3840 DC amplifiers,
Rocketdyne-designed, solid-state, emitter follower amplifiers

for Rocketdyne flowmeters

2. Beckman Offner Type R Dynalog, O to 200 hz response, 8 channel
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3. Tektronix Type 545 oscilloscope, 0.0l microsecond rise time
L,  Ampex Model 5-3459 Tape Recorder, 7 channel, 0 to 10 Khz response

5. MKS Instruments, Type 77 Baratron Pressure Meter (Baratron refer-

enced to a Stokes McLeod Gage, Flosdorf type range 0 to 500 microns)
6. Foxboro Cell Type Dynalog Recorder, Model 9420 TV
7. Foxboro EMF Type Dynalog Recorder Model 9330A

8. Bailey Meter, Model EX00, Circular Chart Type Recorder

Data Playback Instrumentation

The magnetic tape records of the Kistler pressure transducer, a 1000-hz
timing pulse, and the Rocketdyne high response flowmeters which were
simultaneously made on the Ampex Model 5-3459 recorder/reproducer at
60 ips were replayed at 7-1/2 ips on an Ampex FR100-7 recorder/reproducer.
The output from the FR100-7 was recorded by a 7-inch, CEC, 18-channel

oscillograph. The paper speed on the latter was 27 inches per second.

The system playback response was limited by the oscillograph galvanometers
which were rated at 5 Khz. Since the data were played back at 1/8 of the
original speed, the overall limiting response in the tape recording/
reproducing system was the real time 0 to 10 Khz response of the Model

5-3459 recorder.

EXPERIMENTAL FACILITIES

The experimental firings were conducted at the Flame Laboratory test stand
located at the Rocketdyne Santa Susana Field Laboratory. Photographs of
the test stand are presented in Fig., 6 and 7.



“ ROCKETDYNE b4 A DIVISION OF NORTH AMERICAN AVIATION. INC

Propellant Flow Systems

Schematic diagrems of the N204/MMH and H202/MMH flow systems are shown in
Fig. 8 and 9. The NQOQ/MMH flow system was identical to that used in
the effort reported in Volume I of this report., Helium was used as the
pressurant gas for both 250-cu in, propellant tanks. Gaseous nitrogen
purge systems and liquid flush systems were used to clear the propellant
lines, main valves, and injector manifolds at the close of the firing day.
Isopropyl alcohol and Freon TF were used as the liquid flush for the fuel
and oxidizer systems, respectively. A propellant recirculation system
was included, except with the H202 system, to recirculate the propellants
from the lines upstream of the main valve to the propellant tanks. This
eliminated gas pockets in the lines and aided in temperature conditioning

of the propellants.

The oxidizer system was modified to accomodate the H202/MMH testing effort
(Fig. 9 ). This involved the substitution of passivated propellant tankage,
a new fill system, removal of the Rocketdyne flowmeter, and cleaning and

passivating the valves and propellant lines.

Temperature Conditioning System

A schematic of the temperature conditioning system is shown in Fig. 10.
The system was that used in the original program effort (Volume I of this
report), Because the conditioning temperature was 100 F for these experi-
ments, water was used as the conditioning fluid., Separate conditioning
tanks and hardware recirculation systems were used for the thrust chamber,
the fuel and oxidizer propellant lines, the fuel tank, and the oxidizer
tank, Variac controlled, higher power (4 and 2 kilowatt) heating elements
were used in conjunction with a thermostatically controlled 500 watt

heating element for temperature control,
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Vacuum Chamber

Test conditions included firing at a simulated altitude of 150,000 feet.
Altitude simulation was accomplished by firing the thrust chamber into a
2l-cubic-foot vacuum tank which was evacuated by a large capacity vacuum
pump (Kinney Model No. KC %56).  Vacuum pump oil (tricresylphosphate)

compatihle with the propellant exhaust products was employed.

FXPER IMENTAL PROCIDURE

Two series of tests were accomplished: a series of short-duration firings
. / . . . .

wvith the NOOA/DEHI propellant combination, and a series with the 98-percent

II,0,,,MMI combination. The testing procedures are discussed in three

arte: . - ) =11 P 3 > s
2 $ , ;
parts: (1) a prerun checkout, (2) testing, and (3) postrun stand shutdown.

Prerun Checkout

The prerun checkout procedure was to ready the stand for testing. This
included hardware assembly, flow system checks, instrumentation checks,

and conditioning system activation and adjustment.

The hardware was assembled and attached to the vacuum chamber and the
main valves. This inclulded the injector, splash plate, and chamber sec-
tions. Following this, a complete flow system check was made, including
a4 systematic check of the valves. The propellant run tank level was
checked and propellant was added as required. The conditioning system
was actuated, the conditioning baths were filled with water, and adjust-
ments to the system were made to maintain the conditioned temperatures

vithin the desired ranges.

10
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Instrumentation checks were made on all pressure and flowmeter transducers.
The Kistler transducers were calibrated with a vacuum tube voltmeter each
day, and were calibrated on tape periodically, Other pressure transducers
were "zeroed" and an electrical calibrate throw (80 percent of range signal)
was obtained, (The pressure transducers were normally calibrated once a
month,) The thermocouples were checked for continuity, and the flowmeters
were checked for operation when the propellants were recirculated just
prior to the countdown, The tape channels, oscillograph channels and gal-
vanometers, and the direct-inking o¢scillograph channels were checked for
correct operation. The oscilloscope used to display the leading valve

trace and a Kistler trace was also checked for correct operation,

Testing Procedure

Immediately prior to each test, the vacuum chamber was evacuated, and
final adjustments were made to the propellant and chamber conditioning
systems, The main valves actuation circuits were connected and the valve

lead-lag control adjusted to give the proper value,

The steps taken immediately prior to a firing were as follows:
1. The propellant prevalves were opened,
2. The propellant tanks were pressurized.

3. The propellant line and injection and chamber temperatures were

read from a Leeds and Northrup millivolt potentiometer.
L, The test pit fire extinguishing system and sequencer were armed,
5. The altitude chamber vacuum conditions were read,

6. The oscilloscope camera shutter was opened.

11
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A four step countdown and firing sequence was made as follows:

One - The tape recorder was turned on,
Two - (count only)
Three - (count only)
Fire - The Eagle sequencer was actuated,

Also, at the command of "Fire", the oscillographs and circular recording
charts were started. Approximately 2 seconds later the main valves were
opened., The Eagle sequencer was used to control the test duration to
between 10 and 20 milliseconds for the majority of the runs. However,
at least one test each day was run for a longer duration (> 300 milli-
seconds) to obtain performance data and to maintain a check on the

system,

The vacuum pump remained on throughout the short-duration firings. When
the vacuum tank altitude reached an acceptable level and the oscilloscope
camera had been reloaded, the next test was made by starting the four-
step countdown, The vacuum pump oil was contaminated after 5 to 10 tests
(depending on the propellant lead-lag conditions) ;nd it was necessary
to replace the oil if the required vacuum was to be obtained in a rea-

sonable length of time,

Preliminary spiking data were obtained by simultaneously monitoring the

leading valve and a Kistler transducer on the oscilloscope. DBoth traces
were recorded by a Polaroid camera. The camera lens was set on a time
exposure and both traces were triggered to sweep across the oscilloscope
by the electrical signal to the leading fast-acting valve. Spiking data
and ignition delay times were obtained from the simultaneous recordings

of both valve signatures (induced voltages) and Kistler transducer traces

on a high-response tape recorder.

12
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Posttest Procedure

The vacuum tank was brought to ambient pressure and purged. The hardware
was then separated at the injector splash plate interface so the splash
plate could be removed and inspected. The N_ 0, and MMH propellant valves

27k

were purged and flushed before securing the stand for the day. The H202
system was not purged, and the valves were not flushed when securing the

"stand. This was to minimize the possibility of introducing contaminents

to the gsystem.

DATA REDUCTION PROCEDURES

.
The data reduction effort was directed to both the spiking results and
injector performance. The injector performance was calculated as c¥*
(full-shifting expansion) efficiency by ratioing a calculated c* to the
theoretical value. The experimental c* values were calculated as:

- PcAtg

Wi,

This data was available for only the few long-duration tests. No correc-

tions for heat loss, friction, or throat discharge coefficient were applied.

The high-response pressure spiking and ignition delay data was obtained
from the Kistler transducer output recorded on the FM tape recorder,

speed reduced, and reproduced on a galvanometer oscillograph.

13
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PROPELLANT COMPOSITIONS

Chemical analyses were performed on the propellants used for testing.

These analyses are presented below:

A. Ny0, (green NTO) (Density of 1.459 gm/ml at 60 F)
N,0,, percent 99.2
NO , percent 0.65
NOC1, percnet 0.004
H20, percent 0.08

Conforms to MSC PPD-2A for components analyzed
B. H202 (98 percent H202)

H202, percent 97.4
Conforms to Mil P16005D for component analyzed
C.Monomethylhydrazine (MMH) (Density of 0.870 gm/ml at 77 F)

N2H3CH3’ percent 99.6
H20, percent 0.2
NH3, percent 0.1
Soluble
Impurities, percent 0.1
CH3NH2 trace

Conforms to Mil P-27404 for components analyzed

14
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RESULTS AND DISCUSSION

The objectives of this phase of the program were to compare the noncatalytic
ignition and c¢* performance characteristics of the N204/MMH and HQOQ/MMH
propellant combinations. This comparison was made over a range of relative

valve timings and at a common propellant and chamber temperature of 100 I.

N,0, /MMH EVALUAT ION

Data were obtained for 114 N204/MMH firings. O0Of these, 7 firings were of
sufficient duration (300 milliseconds or greater) to obtain steady-state
c* data. The rest were characterized by chamber pressure pulse widths of

about 5 to 10 milliseconds. A summary of all data obtained is presented
in Table 2.

Determination of Oxidizer Lead

As discussed in the Apparatus section of this report, the motion of each
main valve was monitored by sensing the voltage induced in a secondary

coil wrapped around the primary solenoid coil. From such data, the time
between oxidizer valve full-open position and fuel valve full-open position
was accurately determined. In Table 2, this was recorded as "mechanical
Oxidizer Lead, milliseconds". The values (+ and -) refer to the time
period between the oxidizer valve reaching a full-open position and the

fuel valve reaching a full-open position.

From the simultaneously recorded valve motion and high-response Kistler
pressure transducer data, the time between the fuel valve full-open posi-
tion and first indication of chamber pressure was ascertained. This is
shown in Table 2 as "Time from Fuel Valve Full Open Position to Pc’

milliseconds".

15
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A plot of the time from fuel valve full-open position to chamber pressure
rise vs the mechanical fuel valve lead is shown in Fig. 1l. From the
point where the two lines intersect, the mechanical fuel valve lead time,
which corresponds with sirmltaneous arrival of propellants at the injector
face, was determined to be -6.5 milliseconds. From this value, and the
previously discussed Mechanical Oxidizer Lead, the oxidizer lead at the
injector face was determined. These are shown in Table 2 as "Calculated

Oxidizer Lead, milliseconds".

Effect of Valve Timing

The effect of valve timing on the average of the maximum igntion to steady-
state pfessure ratios was evaluated by averaging the pressure ratios in the
oxidizer lead ranges shown in Table 3. A plot of the average spike ratio
ve oxidizer lead at the injector is presented in Fig. 12. As shown in
Fig. 12 , a maximum occurred in the vicinity of a 5 milliseconds oxidizer
lead. This was also evident for other NQOA/MMH propellant temperature/

chamber temperature combinations (Volume I).

Effect of Ignition Delay

The average of the sums of the fuel manifold fill times and ignition delays
was 13.5 milliseconds (Fig. 11). The average of the sums of the oxidizer
manifold fill times and ignition delays was therefore 13.5 + 6.5, or 20.0
milliseconds. From the existing data, however, it is not possible to sepa-

rate the ignition delay from the average sums.

If it is assumed that the fill times are resonably constant, variations in

the sums would reflect the variations in the ignition delay. For each of
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the six oxidizer lead intervals shown in Table 3 , the ratio of the max-
imum to steady-state pressures are plotted vs the sums of the manifold fill
times and ignition delays (Fig. 13). No relationship between spiking pres—
sure ratio and variation in ignition delay is suggested. If one existed, it
would be expected that increasing spiking ratios would have occurred for in-

creases in ignition delay.

Distribution of Data

For each of the oxidizer lead ranges given in Table 3, the distributions
of maximum to steady-state pressure ratios were evaluated. For the inter-
vals of +24.4 to +25.3 milliseconds, +9.9 to +16.0 milliseconds, -0.1 to
+2.4 milliseconds, and -7.8 to -11.2 milliseconds, the distributions ex-—
hibited normal characteristics. These are shown in the approximately
linear relationships of the plots in Fig. 14 . The interval of -33.8 to
-37.2 milliseconds contained only three data points, too few for such an

analysis.

The interval of +3.2 to +5.7 milliseconds did not exhibit normal distribu-—
tion characteristics (Fig. 15 ). As shown in Fig. 12, large changes in

Ps/Pc occurred for very small changes in oxidizer lead during the +3.2 to

+5.7 interval. It is therefore expected that the distribution characteristics
for that interval were different from those of the other intervals in which

only very moderate changes in spiking ratio occurred.

Combustion Performance — c* Efficiency

The combustion performance of the N204/MMH propellant combination was de-
termined for gross comparison with the H202/MMH combination. The deter-

mination of performance was not a primary goal in the effort, and the
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experimental apparatus used resulted in several compromises to an accurate
determination of performance. However, gross differences between the pro-~
pellants could have been detected. Unfortunately, the unstable nature of

the H202/MMH firing precluded any performance calculations.

The characteristic velocity calculations were accomplished using chamber
pressure as measured at the injector face, weight flowrates, and the average
of the prerun and postrun throat areas. The chamber pressure value was

not corrected to the total pressure at the throat (as per the definition

of c*) because of the unknown pressure loss characteristics across the
splash plate. Also, no corrections were made for heat loss, friction,
throat area discharge coefficient, or area change resulting from transient

heating.

Seven firings were of sufficient duration to establish steady flow and
pressure conditions. The results of these tests are summarized in Table 4
An average c* efficiency of 94.1 percent of the theoretical shifting value
was measured. The measured c* efficiencies range of 92.8 to 95.7 percent
was obtained for mixture ratios of from 1.91 to 2.13. The c* efficiencies
showed no'significant bias with mixture ratio; the range of ~ * 1.5 percent

was representative of the precision of the instrumentation used.

H,0,, /MM EVALUATION

Two HQOQ/MMH test firings were made. The results are presented in Table 5
The first test was characterized by two pressure spikes approximately 13
milliseconds apart. The first spike was in excess of 3200 psi; the second
was in excess of 2300 psi. Subsequent combustion was characterized by
lower level spikes (approximately 400 psi) which had an average period of

1.2 milliseconds and persisted during the entire test. The test resulted

18
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in severe outward (upstream from the combustion chamber) bowing of the
injector and inward bowing of the splash plate. The bowing resulted in
the unseating of the sealing O-ring and subsequent gas leakage between

injector and splash plate.

The second test was conducted with a new splash plate and injector. This
test was characterized by one pressure spike in excess of 3400 psi. Low-
level spikes of approximately the same amplitude and duration as in the
first test occurred. Additionally the injector and splash plate were

bowed as before and the 0-ring was unseated.

Oxidizer Leads

Based on the results of the NQOA/MMH tests, the differences between the
oxidizer and fuel manifold fill times for the first and second H202/MMH
tests were estimated to be +6.8 and +6.2 milliseconds, respectively. The
measured mechanical oxidizer leads (times between oxidizer valve full-

open position and fuel valve full-open position) were +34.8 and +5.2 milli-
seconds for the two tests. Subtracting the fill time differences from

the mechanical leads resulted in true oxidizer leads of +28.0 and -1.0

milliseconds for introduction of propellant to the chamber.

Ignition Delay

For the first H202/MMH run, a +34.8-millisecond mechanical oxidizer lead
which corresponded to a +28.0-millisecond oxidizer lead to the chamber

was employed (Table 5). Since there was an oxidizer lead at the chamber,
the 22.9 milliseconds found for the time between fuel valve full open and

chamber pressure rise corresponded to the sum of the fuel manifold fill

19
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time and ignition delay. Based on the N204/MMH data, if the two propel-
lant systems had the same ignition delay, the time between fuel valve
full open and chamber pressure rise for the HQOQ/MMH test would have
been approximately 12.9 milliseconds. Thus, the difference between 22.9
and 12.9 milliseconds or 10.0 milliseconds, approximately represents the

increase in ignition delay for the HQOO/MMH run over the NQOQ/MMH data.

For the second HQOQ/MMH run, a +5.2 millisecond mechanical oxidizer lead
which corresponded to a -1.0 millisecond oxidizer propellant lead to the
chamber was employed. It was found that there was a 21.8 +5.2 millisecond
(27.0 millisecond) interval between full-open position on the oxidizer
valve and chamber pressure rise. Since there was a fuel lead to the
chamber, the latter number corresponds to the sum of the oxidizer mani-
fold fill time and ignition delay. Again, based on the NQOA/MMH data,

if the two systems had the same ignition delay, the time between oxidizer
valve full open position and chamber pressure rise for the H202/MMH test
would have been approximately 19.4 milliseconds, The difference between
27.0 and 19.4 milliseconds (7.6 milliseconds) approximately represents
the increase in ignition delay for the second H202/MMH run over the aver-

age for the NQOA/MMH system. *

20
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CONCLUDING REMARKS

Under the experimental conditions of the present study, the ignition
characteristics of the N204/MMH propellant combination were found to be
far superior to those of the 98 wt. % H202/MMH propellant combination.
The average ignition spike value for the 114 NQOA/MMH firings was 325
psi. For the two firings with the H202/MMH propellants, pressure spikes
in the range of 3000 psi were found. The latter were of sufficient

magnitude to substantially damage the injectors employed.

At the nominal mixture ratio of 2.0, an uncorrected efficiency of 94.1
ti'g percent was found for the N204/MMH propellant combination. Because
of.the injector damage and resulting gas leakage between the injector and
combustion chamber, as well as an unstable combustion condition, the c*

efficiency was not measurable with the HQOQ/MMH propellant combination.

The N204/MMH data were analyzed for the effect of valve timing on spiking
magnitude. A maximum in spiking values was found for an approximately 5
milliseconds oxidizer lead (at the injector face). For the NQOQ/MMH data,
no correlation between spiking magnitudes and the estimated variations in
ignition delay was found. The variations were estimated to be a maximum
of $0.9 millisecond. No absolute measurements of ignition delay were
made. The average sums of the manifold fill time and ignition delay were
13.5 and 20.0 milliseconds for fuel and oxidizer, respectively. Ignition
delays for the H202/HMH system were estimated to be 8 to 10 milliseconds
greater than for the N204/MMH system.
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Steady-State

TABLE 1

TABULATION OF MEASURED PARAMETERS AND INSTRUMENTATION

Measurement Trag:ient Location Instrument Recorder
Flow Steady-State Fuel Line Turbine Meter Osc
Flow Transient Fuel Line Vane Meter T and Osc
Flow Steady—Stafe Oxidant Line Turbine Meter Osc
Flow Transient Oxidant Line Vene Meter T and Osc
Temperature Steady-State Fuel Line Thermocouple Dyn and OF
Temperature Steady-State Oxidant Line Thermocouple Dyn and OF
Temperature Steady-State Fuel Storage Thermocouple Dyn
Temperature Steady-State Oxidant Storage Thermocouple Dyn
Temperature Steady-State Chamber Wall Thermocouple Dyn
Pressure Steady-State Oxidant Tank Statham Dyn
Pressure Steady-State Fuel Tank Statham Dyn
Pressure Steady-State Oxidant Line Statham OF and Osc
Pressure Steady-State Fuel Line Statham OF and Osc
Pressure Steady-State Injector Statham OF and Osc
Pressure Transient Nozzle Kistler T
Pressure Transient Nozzle Kistler T
Pressure Transient Chamber Kistler T and Scope
Pressure Steady-State Vacuum Tank Baratron Dyn and OF
Valve Signature Transient Fuel Line Osc, Scope
Valve Signature Transient Oxidizer Line Osc, Scope
Valve Signal Transient Fuel Line Osc
Valve Signal Transient Oxidizer Line Osc
Notes: Osc - Oscillograph

T ~ F-M Tape 0-20KC

Dyn - Dymalog Charts

Scope -~ Oscilloscope

OF - Beckman Offner
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TABLE 4

SUMMARY OF CHARACTERISTIC VELOCITY PERFORMANCE
FOR THE N2o,*/ma PROPELLANT COMBINATION

Test | Total Flowrate, | Chamber Pressure, | Mixture Ratio, c* Efficiency,
No. lblgec psia o/f percent
252 0.358 150 1.91 94.4
263 0.352 145 1.93 93.0
281 0.344 146 1.92 95.7
301 0.352 144 2.03 92.8
323 0.347 145 1.92 94.2
340 0.347 143 1.99 93.5
362 0.351 147 2.13 95.4

31



INC.

iISION OF NORTH AMERICAN AVIATION,

iV

A
A

ROCKETDYMNE

wojpjudy Juyanp poarssqo ounssaxd Fupirds IO uNmEXBW SYJL

AQva ut pajuasaad mﬁﬂnwwuv
sowj J030alur 3u peay juey[adoxd JaZIPIXo JOo an[BA Paj}vBINO[E)

§90WI} aWI}-358}[0A PaoNpuUT [100 AIPPUODIS WOIJ PIUTMISLIP
uado TInj 8Area fony puw uado [[DJ SATBA JIZIPIX0 U3IdM}3Q dWI]

d ‘eamjeadmay rang/q ‘aanjuladma], Ia2ZIPTXQ

P8I IIZTPTX) PajRINATE)

PBa I2ZTPTX( [BOTURYDAY

aanjuzadmay yueyradoxg

18330
00%g< 0"t~ 8'12 0.3 g6+ (1] 66 £6/€11 79¢
00£3< .
‘0025« 0°83+ 6°23 L¢G 8 HL+ 01 601 G6/€11 €9¢
ted SPUCOISTTTTM PBPUOISSTIIIm ‘asty SPUOIIST[IM SpUoOdISTTTTW mm wm E I *ON 3893]
.mhH ,.Ahwnﬁmno 04 | axnssadq Jaqmwy) ‘9sTy Panssaag Ped] I3ZT1PIX( ‘apny3T3Ty ‘aanjeaadmay ‘aangerodmay
uojonporjuj)| 03 uweryrsod usdp |raqueyy 03 UCTFESOJ| TEITUBYOSK Tequey) querradoxg
pesy 12zZTPIXQ| TIM dATBA [o0d wady TN °ATeA
pajzeInore) MOJJ JWI], JIZIPTX() WO SWY]

YIVQ ISAL mzz\momm d0 XUVWAAS

q JI9VL




199

(paT00) a99ey) sutluy oxyrdg-Tguy T anBig

- ¥ - o
L33ns | . 4 TS GMAIIIS DOVAIIHIO SEYINN TALON
0£2+7/ |af o ‘ |
i [Z7R WD 1IN "dIINTSNYYL IINSSI¥S dITLSIX 5N 1
QGIT00D HILYM 0] 10~ 600 ~LOIOVY 234 FZv¥9 7
- INIONI  INIIS -ILNY Ave] .06 % oWy LON A0TTY 3F2v¥9 €
aNns $30

SO "HODTUDON ("qog “‘t g(u o
“DNI ‘NOLLYIAY NV HAMON NORAK J— SIHONI NI WY SNOISKIWIa
R A ILEE M IO ?%4] v s X | o | T aio seawn

LAl riD4230 -]

—— a0y ISYT HEZHAIY

}/
\

v
/8
‘4
2
L2
-

QUIF t INIY O 6€¥I-EIS6ZSW

%/%ﬂyﬁ/ mwmlﬂ.l/ b7/
av3y | F722ZoN \mm.vuil\ I = IIGWUHD TS ZH Y

a3y | QTIOHINVIN €520 1

\

Ay
I Y
—— LHOS  NTTLSIN

SH o,
Gl SiLon g 0IaqY 2
SOMY 0, 1206 SH QMOWN3S 1

<

@Aoudev [ uva NOUAHISIO pus]

"ONI "NOILVIAY NVDIHINWY HLHON 40 NOISIAIQ V L] SHRACMLEN DO a

~ Anvad diviicg { oryvd INOTIoL




m ROCK ETDYNE ° A DIVISION OF NORTH AMERICAN AVIATION, INC.

; s ST COPPER
2%'&535& : i CHAMBER

" HOUSING . -
osne IR U e

\

LIQUID-
" COOLANT
~| MANIFOLD

1XW31-11/17/66-S1B

1XW31-11/17/66-S1A

Figure 2. Liquid—Cooled Combustion Chamber and Nozzle Assembly
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Main Propellant Valves Used for Both N,0 4/I-H'IH
2/MMH Testing

and H20

Figure 4.
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Figure 8. Schematic Representation of the Propellant Feed

Systems and Test Engine Used for NQOI*/Ebfdrazine-
Type Fuel Tests

50




ROCKETDYNE L4 A DIVISION OF NORTH AMERICAN AVIATION. INC.

GNg2

s
e

He He

GN2

PEROXIDE i
TANK
[ ]
x ‘o0 »
%o
]

&

—{R) KISTLER

ALTITUDE —F)

CHAMBER v

f1.ure 9. Scuematic kegresentation of Propellant Feed Jystems
and Pest ingine Used for H,0 /r-uvxi Tests

51



u ROCKETDYNIE ° A DIVISION OF NORTH AMERICAN AVIATION, INC.

)| 1

H H
h P T
e\
_ (&)
FUEL TANK
AND BATH BATH

—

gp
PROPELLANT
LINES
AND BATH JACKETED
HYDROGEN
PEROXIDE
j

|

TANK

LEGEND
H = HEATER
—.L - HC = HEATER CONTROLLER
-]L P = PUMP
HC H
f
N
ROCKET ENGINE
AND BATH
5{3 e
1=
P
Figure 10. Schematic Representation of the lemperature Conditioning

system Used for the Hydrogen Peroxide/MNH Tests




A DIVISION OF NORTH AMERICAN AVIATION, INC

ROCKETDYMNE

HT: \womm 103

sdtysuorieTey Sel-peeT 1uRTTadOI JO UNTIBITULIALST TuITU IRAF

SPU0OASTITITT ‘fuady TIng 3ATEL IAZTPTIN 03

uadn TTMJ dATRA TanJ TOIJ AWIT) PBYT aa7™mA TAMT TEITTEYISY

‘I1 8INLT,

I

[}

6  0f a2 02 6T 01 ¢ o G- oI G- o= GZ=  Of- G-
| ! | | 1 | ] | | 1 1 | 1 I .
(faqureys oy3 3e squeTTedouayd y3og JO TBATIJIY
snosueyTnwtg 03 Futpuodseaao) pee] aATEBA Tony TedTuUBRYDI3y)
. sm mo.\ul . m
<ot
(£eT3q uoTqTUI] pue swWLy TTTJd PTOFTUEK Tond JO umg') &
W C*Y] —— o fean B — % o — s
' B K¢
— o2
. —sz
- o¢
- ¢
- or
m B4
dog

SPUODASTTTTH *3STH aInusalf
I8queyy TBT3TUl 03 ued) [T 9ATBA Tond WOI; owL]

43



A DIVISION OF NORTH AMERICAN AVIATION, INC.

ROCKETDYMNE

, SUOTATPUOS peaT
I9ZTPTXH UYJTM SOTISTIS}dRIRYD BUTyTdic Eifl/ A% 3o uorsETams gl AInId

SPUODASTTTIC ‘odeq J0303ful 8Yy3 3B PedT I2ZTITIXN

¢ 0% a2 4 a1 ot S 0 ¢- Ot- ¢T- - - 0~ 4= O
I | l ! 1 - ! | { | T | 1 1 |

Q°¢ = OTI3}BY BINIXTyY
383J 002°CGT aprITITY
00T = airnjeradizag

0138y SuryTdc aFexsav
furandmos 10J pasn sowt]
peaT I9ZTPTX0 JO aFuey -
:SUOTITPUO,) TEBUTTON

To¢

aImssald Jaquey) 331831G-LpRIS 03
WNWTX®Y JO OT}BY 8u1 JO SanTep 9I8IIAY

0°§

L4




m ROCKETDYMNE L4 A DIVISION OF NORTH AMERICAN AVIATION. INC.

(range of Cxidizer Lead Times)

5 (+c4+4 to +25.3 ms) 14£ (+9.9 to 1..0 ms)
4T 4
3ir . 31
2 . ) < e ¢ :
e »f .
. ‘o. L t. . .
1 ! 1 i J 1] " I ] I
o 13 14 i5 13 14 15
4
7} 1 . , — .
§ F. (+2.2 to +5.7 ms) 5 (=Uel tO +cad ws)
3 6 — * 4 b
E!‘ e o
7 <
> .
o e . @ d
g 3 3 . } .
-
n .
[ ] : L]
3 2r . 2r s s ]
g [ - : . ]
4 1 ] b 1 | 1 | ] ] J
4 13 T4 8 13 T4 5
Gy
o -
';9_! > (=7+z to =11.2 ms) ? (=338 to ~3T7.. ms)
3
4 4 F
3 3
2r 25
(] [ ; * ° o
1 | " Cge Sy g 1 | s | |
19 20 21 21 22 23
Sum of Lagging bropellant Manifold Fill Time
Plus Ignition Delay, milliseconds
Figure 13. &pffect of Ignition Lelay on the Spiking Rratio for

Various Oxidizer Lead Time Intervals

45



“ ROCKETDYMNE . A DIVISION OF NORTH AMERICAN AVIATION., INC.

Range of Oxidizer lead Times, Milliseconds

~7.8 to =11.2 ms -0.1 to +2.4 ms +9.9 to +16.0 ms +2L .4 to +25.3 ms
99
/‘l
98
i o U
95—
oLk /
390 o ‘
—
o o)
o}
] :i /é; !f J, O
& /o
5 fo
p g
(1]
S P
» o)
5 8 \
o 8/ g o)
&
o O
>
ord
g 5 g o/
~
AN
O e} 7,
K f
C o
ol n
1
1.0 2.01.0 2.0 ' 3.0 4.0 1.0 2.0 3.0 1.0 2.0 3,0

Ratio of Maxdmum to Steady-State Chamber Pressure

Propellants:

Mixture Ratio (weﬁght N.O, Meight MMH): 2.0
Temperature: 100 F - AItItude: 150,000 feet
Steady-State Chamber Pressure: 150 psia

Figure 14, Cumulative Distributions of Spiking Ratios for Various
Oxidizer Lead Time Intervals (Probability Scale)

46




m ROCKETDYMNE L] A DIVISION OF NORTH AMERICAN AVIATION. INC.

99

98

O
W

Nel
O
C]

o)
o
o]

-~
o
O

o~
(o]

wn
o

-~
(@]
olno

W
o

N
o

Cumulative Percent Less Than or Equal to

-]
(@]

1.0 2.0 3.0 4.0 5.0 6.0 7.0

Ratio of Maximum to Steady-State Chamber Pressure

Propellants: NZO /MM

Mixture Ratio (we&ght N0, /weight MMH): 2.0
Temperature: 100 F —- Rlfitude: 150,000 feet
Steady-State Chamber Pressure: 150 psia

Figure 15. Cumrlative Distribution of Spiking Ratios for Oxidizer
Le. Times f +3.2 to +5.7 Milliseconds (Probability Scale)

47



UNCLASSIFIED
Security Classification

DOCUMENT CONTROL DATA - R&D

(Security claseificetion of title, body of eb t and indexing annotation muet be entered when the overe!! report is claseilied)
t. ORIGINATIN G ACTIVITY (Corporete suthor) 2e. REPORYT SECURITY C LASSIFICATION

Rocketdyne, a Division of North American Aviation, UNCLASSIFIED
Inc., 6633 Canoga Avenue, Canoga Park, California | °"°V"

3. REPORT TITLE
A STUDY OF IGNITION PRESSURE SPIKING IN ATTITUDE CONTROL ENGINES VOLUME II: A

COMPARISON OF NITROGEN TETROXIDE/ MONOMETHYLHYDRAZINE AND HYDROGEN PEROXIDE/MONO_
METHYLHYDRAZINE IGNITION PRESSURE SPIKING CHARACTERISTICS

&. DESCRIPTIVE NOTES (Type of report and inclusive dates)

Final Report (1 March 1967 to 30 April 1967)

$. AUTHOR(S) (Last name. fHiret neme, initial)
Gurnitz, R. N.; Mills, T. R,; Cordill, J. D.; Falkenstein, G. L,

6. REPORT DAYTE 78. TOTAL NO. OF PAGES 7b. NO. OF REPS
May 1967 59 3
8a. CONTRACT OR GRANT NO. 8. ORIGINATOR'S REFPORT NUMBER(S)
NAS9-61734
b PROJECT NO. R-7060-2
c. . g'T.H’l.:o:JDORT NO(S) (Any other numbere that may be aselgned
d.

10. AVAILABILITY/LIMITATION NOTICES

11 SUPPL EMENTARY NOTES 12. SPONSORING MILITARY ACTIVITY
National Aeronautics and Space
Administration

13 aesTrRact A study was conducted to compare the noncatalytic altitude ignition
characteristics of the N0 /MMH and 98 percent H20 /MMH propellant combinations.
Al]l tests were conducted with a 9l-pound-thrust, 1%0—psia chamber pressure com-
bustor with a 16-element (unlike doublet) splash plate design injector. The sim{
ulated altitude was 150,000 feet; nominal temperatures were 100 F. The two fir-
ings with the HQOQ/MMH propellants resulted in injector-damaging pressure spikes
in the 3500-psi range. These were considerably in excess of the average igni-
tion spikes of 325 psi noted during the 114 N2O /NMH tests. The effects of
valve timing and ignition delay on spiking for %he N204/MMH combination were
noted and discussed. For this propellant combination, uncorrected c* efficien-
cies of approximately 94 percent were found.

DD 7. 1473 | UNCLASSIFIED

Security Classification




UNCLASSIFIED

Security Classification

KEY WORDS

LINK B
ROLE

LINK C
ROL &

LINK A
ROLE

wT LA wT

Ignition Pressure Spiking

Attitude Control Engines

Nitrogen Tetroxid e/Monomethylhyd razine

Hydrogen Peroxid e/Monomethylhyd razine

INSTRUCTIONS

1. ORIGINATING ACTIVITY: Enter the name and address
of the contractor, subcontraétor, grantee, Department of De-
fense activity or other organigation (corporate author) issuing
the report.

2a. REPORT SECURITY CLASSIFICATION: Enter the over
all security classification of the report. Indicate whether
'"Restricted Data’’ s included Marking is to be in accord
ance with appropriste security regulations.

25. GROUP: Automatic downgrading is specified in DoD Di-
rective 5200.10 and Armed Forces Industrial Manual. Enter
the group number. Also, when applicable, show that optional
markings have been used for Group 3 and Group 4 as author.
ised.

3, REPORT TITLE: Enter the complete report title in all
capital letters. Titles in sll cases should be unclassified.
If & meaningful title cannot be selected without classifice-
tion, show title classification in all capitals in parenthesis
immediately following the title.

4. DESCRIPTIVE NOTES If appropriste, enter the type of
report, o.g., interim, progress, summary, annual, or final,
Qive the inclusive dates when a specific reporting period is
covered.

S. AUTHOR(SY: Enter the name{s) of author(s) as shown on
or in the report, Enter last name, firet name, middlie initial,
1f military, show rank and branch of service. The name of
the principst suthor iv an absolute minimum requirement

6. REPORT DATL: Enter the date of the report as day,
month, year; or month, yean If more than one date appears
on the report, use date of publication.

7a. TOTAL NUMBER OF PAGES: The total page count
should follow normal! pagination procedures, L. 6., enter the
number of pages containing information

70, NUMBER OF REFERENCESR Enter the total number of
references cited in the report.

8a. CONTRACT OR GRANT NUMBER: If eppropriate, enter
the applicable number of the contract or grant under which
the report waa written

80, &, & 8d. PROJECT NUMBER: Knter the appropriate
military department identification, such ss project number,
subproject number, system numbers, task number, etc.

9e. ORIGINATOR'S REPORT NUMBER(S): Enter the offi-
cial report number by which the document will be identified

and controllied by the originsting sctivity, This number must
be unique to this report.

95, OTHER REPORT NUMBER(S): If the report has been
assigned any other report numbers (either by the originator
or by .tho sponaor), also enter this number(s).

10. AVAILABILITY/LIMITATION NOTICE® Enter any lim

itations on further diasemination of the report, other than those

imposed by security classification, using standard statements
such as:

(1) ‘'Qualified requesters may obtain copies of this

report from DDC. "’
“Foreign snnouncement and dissemination of this
report by DDC is not authorized.’’

“U. 8. Government agencies may obtain coples of
this report directly from DDC. Other qualified DDC
users shall request through

2

3

"
.

(4) 'U. 8. military agencies may obtain copies of this
report directly from DDC. Other qualified users
shall request through

" All dietribution of this report is controlled Qual-
ified DDC users shall request through

(%)

If the report has been furhished to the Office of Technical
Services, Department of Commerce, for sale to the publie, indi-
cate this fact and enter the price, if known

11. SUPPLEMENTARY NOTES: Use for additional explans-
tory notes.

12, SPONSORING MILITARY ACTIVITY: Enter the name of
the departmental project office or laboratory sponsoring (pay-
ing for) the research and development. Include address.

13. ABSTRACT: Enter an abatract giving a brief and factual
summary of the document indicstive of the report, even though
{t may alsc appear elaswhere in the body of the technical re-

port. If additional space is required, a continuation sheet shall
be attached.

It ia highly desirable thet the abatract of claasified reports
be unclassified. EKach paragraph of the abstract shsll end with
sn indication of the military security classification of the in-
formation in the paragraph. repreaented as (T$). (8). (C). or (V).

There is no limitation on the length of the abatract. How-
ever, the suggested length is from 150 to 225 words.

14. KEY WORDS: Key words are technically meaningful terms
or short phrases that characterise a report and may be used ae
index entriea for cataloging the report. Key worde must be
selected so that no security classification is required. Identi-
fiers, such se equipment mode! designation, trade name, militery
project code name, geographic location, may be used as key
words but will be followed by an Indication of technical con-
text. The assignment of links, rules, and weights ls optional.

Security Classification




